SUMMARY The effect of haemoglobin and albumin-coated charcoal on the concentration of vitamin B12 binding proteins in serum has been investigated. As involves separating the bound from the free vitamin B,2 for which a number of methods have been described including microbiological assay,' electrophoresis,' dialysis,2 gel filtration,3 ultrafiltration,4 and adsorption with haemoglobin-coated5 or albumin-coated6 charcoal. Because of its simplicity, the coated charcoal method has achieved wide popularity.
There are two major vitamin B12 binding proteins in human serum, transcobalamins I and III and transcobalamin II. Transcobalamins I and III (TCI and III), also known as cobalophilin, are mainly saturated with vitamin B12 and probably serve a storage function. Transcobalamin II (TCII) is mainly unsaturated and is the major transport protein for the vitamin. The unsaturated (apo) TCI and III and TCII together constitute the unsaturated vitamin B12 binding capacity of serum. To measure this, it is the practice to add excess radioactive labelled vitamin B,2 which saturates all the binding sites and leaves excess free radioactive vitamin B,2' The next step involves separating the bound from the free vitamin B,2 for which a number of methods have been described including microbiological assay,' electrophoresis,' dialysis,2 gel filtration,3 ultrafiltration,4 and adsorption with haemoglobin-coated5 or albumin-coated6 charcoal. Because of its simplicity, the coated charcoal method has achieved wide popularity.
In measuring the concentration of apo-TCII in serum, it was noted that treatment with coated charcoal appeared to decrease the amount of measurable TCII. We report the results of a systematic study of this phenomenon.
Accepted for publication 21 April 1983 Material and methods Sera were obtained from normal volunteers and from patients undergoing therapeutic phlebotomy. The blood was allowed to clot at room temperature, the serum separated and frozen in aliquots at -20°C until used. RADIOACTIVE Serum (500 ,ul) was applied to the column and eluted with 0-04 moL/l phosphate buffer containing 0*5 molI NaCl, pH 7*38. Fractions (4 ml) were collected, the optical density measured at 280 nm and the radioactivity of the fractions determined using a well scintillation counter. 'he radioactivity of the fractions included in the TCI and III and the TCII peaks were summed to give the respective amounts of these vitamin B, binding apoproteins. It was found that the charcoal-treated serum, in spite of extensive centrifugation, contained a small amount of charcoal particles which tended to block the column. Experiments showed that aliquots of sera directly applied to the column, or passed through an 0-45 ,m millipore filter, contained identical amounts of vitamin B,2 binders. The charcoaltreated serum was therefore passed through such a filter and 500,ul of the filtrate applied to the column.
PURIFICATION OF TCII
TCII was purified from Cohn Fraction III* prepared from human plasma as described by Savage et al. I This purified material was shown to be free of cobalophilin by sodium dodecyl sulphatepolyacrylamide gel electrophoresis*.12 The purified TCII was saturated with 57CoB,2 and 340 jig of this protein combined with 1*0 ml of Freund's adjuvant was injected into the foot pads of each of three New Zealand white rabbits. Twenty-three days later a repeat injection containing 85,g of the same material with 0-5 ml Freund's adjuvant was given. The rise in TCII antibody titre as measured by PEG precipitation,13 was followed weekly and serum collected when the antibody titre was 1200 ng/ml or more. This antibody was used to confirm the identity of the TCII peak in Sephadex column chromatography experiments. The addition of the antibody caused the peak to be shifted to the void volume.
*See acknowledgements.
Results
Effect ofcoated charcoal on apo-TCII concentration 57CoB,2 was added to seven sera in more than ade- Fraction number Fig. 1 Representative Sephadex G-150 column chromatography experiment. 57CoB 2 was added to a serum in excess of its binding capacity. One aliquot was applied directly to the column ( .0) and one was pretreated with haemoglobin-coated charcoal (-0). It will be seen that treatment with charcoal removed the free 57CoB2 and a significant amount of TCII. Effect of coated charcoal on apo-TCI and III The apo-TCI and III concentrations in the above seven sera before and after treatment with haemoglobin-coated charcoal were measured by Sephadex G-150 column chromatography (Fig. 1) .
The results for the seven sera are shown in Table 2 .
Effect of amount of coated charcoal "7CoB12 was added to a serum in more than adequate amounts to saturate all the vitamin B,2 binders. Our accidental finding that the apparent apo-TCII concentration of a serum as measured by the Z-gel assay was considerably reduced by prior treatment with haemoglobin-coated charcoal prompted this study. The results of the Z-gel assay on other sera before and after treatment with coated charcoal (Table 1) indicated that this reduction was a constant phenomenon. We have further shown that this reduction is due to adsorption of TCII and not to the splitting off of 57CoB,2 from its binding with TCII. Sephadex G-150 column chromatography confirmed that the reduction of vitamin B12 binding protein was confined to apo-TCII and that there was no reduction in the concentration of apo-TCI and III ( Fig. 1 and Table 2 ). The experiments illustrated in Fig. 2 show that the amount of apo-TCII adsorbed increases, stoichiometrically with the amount of coated charcoal added. If 50 mg of coated charcoal is used with 0*5 ml of serum as recommended by Gottlieb et a16 (or 10 mg/0-1 ml serum), then the adsorption of TCII will be proportionately reduced. However, even in these proportions, there will still be a loss of up to 25% of apo-TCII in some sera. Furthermore, if the amount of coated charcoal used is reduced too much, all the free vitamin B 12 added to the serum may not be adsorbed. 17 To see whether increasing the amount of protein coating the charcoal would prevent the adsorption Jacob, Wong of apo-TCII, experiments were carried out with increasing amounts of haemoglobin and albumin coating (Fig. 3) 
